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(57) Abstract 



A spectrometer using flexible variable filters provides a compact and portable system without sacrificing accuracy or 
range. The flexible variable filters are mounted within the circumference of a cylinder. By using cylinders to mount the flexible 
variable filters, a simple focussing system is possible. The spectrometer is configurable to scan a variety of ranges by simply 
changing the filter cylinders, or by adding additional filter cylinders. 
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Rotating Flexible Filter Spectrometer 
Background of the Invention 

The invention relates generally to spectrometers, and more specifically 
relates to spectrometers having a flexible filter mounted within a rotating 
5 cylinder. Older spectrometer designs use prisms or gratings as the spectral 
dispersing elements. These designs are compromised by the mechanical 
sensitivity of the dispersing element. To minimize this sensitivity, the mass 
and size of the spectrometer is increased, adversely impacting the portability 
of the design. Another type of spectrometer, the interferometer, has problems 
10 due to the requirement of precision moving parts, severe signal processing 
constraints, and non-simultaneous wavelength measurement. 

Designs using variable filters are relatively new. Variable filters are 
coated with a sequence of high index and low index of refiaction layers. The 
coatings vary linearly along the length or circumference of the filter. They are 
15 typically more compact in design, increasing portability. Two main filter 
shapes are currently used, circular and linear. Circular variable wedge filters 
(i.e. disk-like filters) are wasteful because they needlessly coat area which is 
not used in the final filter. This needlessly wastes material and increases the 
cost of the system. Linear variable wedge filters are more efficient in their use 
20 of coating area. Yet systems employing either of these filter designs are 
limited in the filter's available range and the accuracy of the actuator that 
moves the filter relative to the incident light beam. 

The present invention overcomes the shortcomings of previous designs by 
using a novel physical layout for the variable filters. A unique property of the 
25 invention is the use of rectangular variable filters which flex into an arcuate 
shape. One or more filters may then be mounted within the cnoimference of 
a cylinder. Cylindrically mounted filters allow the use of simple fixed focusing 
optics. In using this layout, the invention can achieve a fast and accurate 
scan, while retaining a wide scanning range in a small package. 

30 
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Summary of the Invention 

The spectrometer is comprised of an aperture, beam splitting dichroics to 
select and reflect spectral regions of interest, beam shaping optics to form the 
image of the aperture onto a rotating filter cylinder, variable filter cylinders, 
5 and detectors to detect the presence of the filtered light. 

The beam splitter may be a dichroic beam splitter composed of materials 
such as germa niu m, silicon, sapphire or fused quartz. Alternatively, the beam 
splitter may be composed of a half silvered first surface mirror which partially 
reflect an incident beam of radiation. 
10 The filter cylinder is composed of one or more flexible variable filters 

mounted within the circumference of a cylinder. Mounting is accomplished by 
flexing a planar filter into an arcuate shape and then fitting the filter into a 
curved slot in the cylindrical frame. The arcuately flexed filters are held into 
position by a frame curved to match the arcuate shape of the cylinder. Each 

. 15 cylindrical filter frame has a tongue and groove so that multiple cylinders may 
be stacked and joined to one another. 

The flexible variable filter is composed of layers of high (H) index of 
refraction and low (L) index of refraction material coated onto a flexible 
substrate. Individual layers of H and L material overlay one another in a 

20 specific sequence, for example (H,L) 9 L,L (H,L) 9 where the index of H = 2.2 and 
L = 1.37. The flexible substrate is .002 inches thick or less and composed of 
a material such as germanium, silicon, or sapphire. The H and L layers are 
deposited onto the flexible substrate using a deposition process such as that 
taught by U.S. Pat. No. 4,967,371 issued to PeUicori et al., although other 

25 deposition processes may be used, as will be appreciated by those skilled in the 
art. 

The rotating frame is comprised of one or more variable filter cylinders 
mounted on an angular position encoder. During operation the cylinders are 
rotated, allowing different regions of the flexible filters to pass between the 
30 focusing optics and the spectral detector and allowing a range of different 



MSDOCID: <WO 9404893A1 I > 



WO 94/04893 PCT/US93/07677 

- 3- 

wavelengths to be scanned by the detector. By using different filter cylinders 
in a stacked configuration, a wider variety of wavelength ranges may be 
scanned by the detector. 

Multiple sets of beam splitters, focusing optics and detectors may also be 
5 mounted in conjunction with multiple cylinder to allow the simultaneous 
scanning of multiple wavelength ranges for each cylinder. This arrangement 
would also decrease the scan time for the spectrometer. 

A unique characteristic of this invention is its capability of scanning the 
entire spectrum from the ultraviolet (.2um) to the far infrared (50um) in one 
10 scan and in a short time. For example, if the filter cylinders can be rotated 20 
times a second, 20 scans can be performed each second using a single detector 
for each cylinder. 

Description of the Preferred Embodiment 

Drawings 

15 Fig. 1 is a perspective view of the flexible filter spectrometer of the 

invention with three filter cylinders mounted. 

Fig. 2 is a perspective view of a filter cylinder. 
Fig. 3 is a top view of a filter cylinder with one beam splitter. 
Fig. 4 is a top view of a filter cylinder with two beam splitters. 
20 In the preferred embodiment of Fig. 1, an incoming radiation beam 21 

strikes a dichroic beam splitter 41. A portion of the radiation beam 21 is 
reflected to create a radiation beam 22, with the rest of the radiation beam 21 
passing through a beam splitter 41 to create a radiation beam 23. The 
radiation beam 22 passes through a beam-shaping optics element 11, focusing 
25 the beam onto a variable filter 31. The variable filter 31 is designed to 
selectively pass radiation of a desired wavelength to a detector 7. When 
radiation falls upon the detector 7, a signal is generated which represents the 
wavelength and intensity of the radiation beam 22. As the cylinder is rotated, 
a different wavelength is filtered and detected at each different filter position 
30 interposed between the beam-shaping optics element 11 and the detector 7. 
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The radiation beam 23 passed by the dichroic beam splitter 41 travels to 
a dichroic beam splitter 42. A portion of the radiation beam 23 is reflected to 
create a radiation beam 24, with the rest of the radiation beam 23 passing 
through the beam splitter 42 creating a radiation beam 25. The radiation 
5 beam 24 passes through a beam-shaping optics element 12, focusing the beam 
onto a variable filter 32, which is designed to selectively pass radiation of a 
desired wavelength to a detector 8. When radiation falls upon the detector 8, 
a signal is generated to represent the wavelength and intensity of the radiation 
beam 24. As the cylinder rotates, different filter positions are interposed 

10 between the beam shaping optics 12 and the detector 8 so that different 
wavelengths are filtered and detected. 

The remaining radiation beam 25 passes to a dichroic beam splitter 43. 
As shown, a portion of the radiation beam 25 will be reflected to a beam 
shaping optics element 13, passing through a filter 33 and onto a detector 9. 

15 The detector generates a signal when radiation passes through the filter 33. 
Again, this signal represents the presence of wavelengths corresponding to the 
filter 33. 

As can be seen, the detectors 7, 8, and 9 will simultaneously measure the 
radiation beams passing through the filters 31, 32, and 33, respectively. The 

20 filters are mounted in a cylinder, with the filters 31, 32, and 33 each 
respectively residing in the separate cylinders 4, 5, and 6. Each cylinder is 
composed of at least one variable filter mounted on the circumference of the 
cylinder. Additional flexible variable filters may be added to increase the 
range or resolution of the cylinder. The cylinders 4, 5, and 6 are mounted on 

25 a base that rotates relative to the beam splitters 41, 42, and 43, the beam 
shaping optics 11, 12, and 13, and the detectors 7, 8, and 9. As the cylinders 
rotate, different regions of the filters are brought between the beam shaping 
optics 11, 12, and 13, and their respective detectors 7, 8, and 9. This 
arrangement allows the simultaneous detection of three sets of wavelengths. 
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Each cylinder may filter at different ranges of wavelengths. For example, 
in the preferred embodiment, the cylinder 4 is a wide band detector, the 
cylinder 5 is a very wide band detector and the cylinder 6 is a narrow band 
detector. Those trained in the art can appreciate that an appropriate 
5 combination of cylinders may be chosen to produce a continuous spectrum from 
.2um to 50um. 

The cylinders 4, 5, and 6 rotate once every 50ms so that 20 scans of all 
niters can be performed every second. While the cylinders rotate, an angular 
encoder 10 signals the angular position of the cylinder. This position 
10 information is used to indicate which section of filter cylinder is presently in 
operation. This angular position encoder is accurate to within 0.1% . 

The use of filter cylinders allows the spectrometer to be smaller and to 
occupy less space than conventional spectrometers now available. The 
spectrometer's small size also improves its mechanical stability and enables 
15 portability of the spectrometer. 

The invention is designed to be modular, with a variety of configurations. 
With a unit defined as a beam splitter, beam-focusing optic element, filter 
cylinder and detector, the simplest configuration contains one unit, while 
additional units may be added to expand the spectrometer's capabilities as 
20 needed. These additional units may extend the range or increase the 
resolution of the invention. 

F or example, a spectrometer may be composed of a single unit with filters 
covering wavelengths of .4um to .7um. Alternatively, a spectrometer may be 
composed of three units, with the first cylinder covering the range from .2um 
25 to x, the second unit covering the range from x to y and the third unit covering 
the range from y to 50um. As one skilled in the art can see, various 
configurations are possible. In addition, each unit may cover only portions of 
a single range. 

In another embodiment, a unit may contain multiple beam splitters 
30 mounted within the circumference of the cylindrical filter. Adding more 
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focusing optics and detectors makes a shorter scanning period possible. This 
embodiment also increases the number of wavelengths which can be 
simultaneously detected. 
What is claimed is: 
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Claims 

1. An incident beam filtering apparatus comprising: 

at least one filter disposed on a surface of a cylinder disposed about an 

axis; 

5 a means for receiving an incident beam from a direction parallel to the 

axis of the filter cylinder; and 

a means for redirecting a portion of the incident beam toward said filter. 
2. The apparatus of claim 1 wherein said means for redirecting the incident 
beam is a dichroic beam splitter. 
10 3. The apparatus of claim 1 wherein said means for redirecting the incident 
beam is a partially reflective first surface mirror. 

4. The apparatus of claim 1, 2, or 3 further comprising: 
a means for rotating said filter cylinder. 

5. The apparatus of claim 1, 2, or 3 further comprising: 

15 a means for focusing said redirected portion onto said filter; and 

a means for detecting passage of said redirected portion through said 

filter. 

6. The apparatus of claim 1, 2, or 3 further comprising: 
a means for rotating said filter cylinder; 

20 a means for focusing said redirected portion onto said filter; and 

a means for detecting passage of said redirected portion through said 

filter. 
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